Polychlorinated biphenyls (PCBs) are widely dispersed in the environment as complex mixtures of chlorobiphenyls (CBs) with a broad range of biological activities (reviewed in Hansen, 1987 Hansen, , 1994 Safe et al, 1987; Safe, 1994) . Furthermore, PCB mixtures are never found as sole contaminants in environmental samples. Polychlorinated dibenzofurans (PCDFs) and, to a lesser extent, dibenzo-p-dioxins (PCDDs) are found in increasing concentrations as PCB mixtures are aged, heated, and/or burned at lower temperatures (Morita et al, 1985; Olie et al, 1977; Rappe et al, 1989) . The PCB, PCDF, and PCDD congener compositions vary markedly among different environmental and food chain reservoirs (Ballschmiter et al, 1987; Hansen, 1987 Hansen, , 1994 Miyata et al, 1985; Safe, 1994; Safe et al, 1987) . Because of the complexity of these environmental mixtures and the broad spectra of biological activities, accurate risk assessment of PCB/PCDF/PCDD mixtures is elusive.
Fortunately, some of the biological properties of the most potent congeners are mediated through a common mechanism (the Ah receptor), vary in systematic manners, and are reasonably predictable. Individual coplanar PCBs, PDCFs, and PCDDs with lateral chlorines can be assigned proportional equivalencies to 2,3,7,8-tetraCDD (TCDD) based on expression of the CYP 1A1 gene and other defined biological endpoints (Ahlborg et al, 1994; Poland and Glover, 1977; Poland and Knutson, 1982; Safe, 1994) . Enhanced CYP 1A1 gene expression, as measured by aryl hydrocarbon hydroxylase (AHH) or ethoxyresorufin-<9-deethylase (EROD), is the most sensitive parameter for establishing relative potencies to TCDD. The Ah receptor and its link to CYP 1A1 appears to have been established early in vertebrate evolution (Hahn et al, 1982) . Structurally specific induction of EROD in rat hepatoma (H4IIE) cultures correlates well with in vivo activities (Sawyer and Safe, 1982) . EROD induction has served as the cornerstone for developing bioassays for TCDD equivalencies (Ahlborg et al, 1994; Kennedy et al, 1996; Safe, 1994) . Although polynuclear aromatic hydrocarbons such as 3-methylcholanthrene have been considered prototype inducers of P450s 1A1 and 1A2, their potency is about 30,000 times lower than that of TCDD (Poland and Knutson, 1982) . UDP glucuronyl transferase (UDPGT) activity toward planar phenolics such as naphthol and 4-nitrophenol (4-NP) is also induced by Ah receptor agonists while UDPGT activity toward steroids and phenophthalein (PP) is not (Goldstein and Safe, 1989; Lucier and McDaniel, 1977; Okey et al, 1994) . Thus, TCDD-like toxic actions are tightly linked to the Ah receptor-mediated induction of CYP 1A isoforms, conveniently measured as EROD activity, and other enzymes such as 4-NP UDPGT (Goldstein and Safe, 1989; Harris et al, 1993; Okey et al, 1994; Safe, 1994) .
Unfortunately, the greatest proportion of PCBs in environmental mixtures are nonplanar (Ballschmiter et al., 1987; Hansen, 1994; Safe etal., 1987) and do not act as Ah receptor agonists (Ahlborg et al, 1994; Poland and Knutson, 1982; Safe, 1994) . These congeners have profiles of enzyme, hormone, neurotransmitter, and other biochemical effects distinct from those of the coplanar Ah receptor agonists (e.g., Ganey et al, 1994; Li et al, 1994; Seegal and Shain, 1992; Waller et al, 1995; Wong and Pessah, 1996) . The biological effects of the non-TCDD-like chlorinated aromatics are generally more subtle and the significance of hazards to humans and wildlife has not been firmly established.
The disruption of thyroid hormone status transcends all types of PCBs and, because multiple mechanisms are involved, mixtures and/or PCB congeners with multiple actions are generally more effective than any single class of congener (Bastomsky et al, 1976; Collins and Capen, 1980; Lans et al, 1993; McKinney and Waller, 1994; Ness et al, 1993 ; reviewed by Li and Hansen, 1996b) .
Many PCBs are also weakly estrogenic causing, among other changes, an increase in uterine wet weight in immature female rodents (Bitman and Cecil, 1970; Ecobichon and MacKenzie, 1974; Jansen etal, 1993; Li etal, 1994) which is a reliable means of determining the estrogenicity of xenobiotics (Kupfer, 1987) . Hydroxylated metabolites generally have a greater affinity than parent PCBs for the estrogen receptor in vitro (Korach et al, 1988) , but parent PCBs can induce this metabolism in vivo Li and Hansen, 1996b ) and some parent compounds have been predicted to have direct affinity for the estrogen receptor (Waller et al., 1995) . TCDD and TCDD-like PCBs, on the other hand, are generally antiestrogens (Astroff and Safe, 1990; Safe et al, 1991) and can inhibit the uterotropic effect of both estradiol and PCBs in vivo (Jansen etal., 1993) . Hypothyroidism can also depress the uterine response to estrogens (Gardner et al, 1978; Kirkland etal, 1981 ; reviewed by Li and Hansen, 1996b) .
Thus, the net effect of environmental mixtures of chlorinated aromatics will depend upon interactions among biological systems affected as well as the chemicals themselves. TCDD TEQs estimate only contributions to Ah receptormediated toxicities.
These diverse interactions make it desirable to characterize the toxicological significance of recurring fractions of chlorinated aromatics (e.g., high TCDD TEQs, multi-ortho nonplanar). Early fractionations of PCB mixtures took advantage of the affinity of coplanar CBs for activated charcoal to isolate "toxic" (i.e., TCDD-like) fractions (Stalling et al, 1979) . Charcoal-based fractionation techniques were later developed to concentrate the low levels of PCDDs, PCDFs, and coplanar PCBs in environmental mixtures to facilitate analyses (Atuma and Andersson, 1993; Erickson, 1986; Serican et al, 1991) . Ah receptor-mediated effects are well defined and fractionation studies which focus on these effects obviously will determine that the coplanar fraction is the "most toxic." Removal of the coplanar fraction from PCB mixtures by charcoal filtration has been demonstrated to decrease EROD induction in rabbit lung (Serabjit-Singh et al, 1983) as well as rat liver (Li, 1996) .
A broader-based testing of the fractions, however, revealed that the parent mixtures were generally more toxic than the individual fractions. Former commercial PCBs, Clophen A50 and Aroclor 1254, as well as fractions containing different numbers of ortho chlorines and a contaminant fraction [PCDFs, polychlorinated naphthalenes (PCNs), etc.] were fed to mink during gestation through parturition (Kilstrom et al, 1992) . A massive data base was developed (see Ambio 21, No. 8, 1992) , but generally the results correlated with reproduction effects. Most often, the parent PCB mixtures caused the greatest effects; the fraction containing no ortho chlorines was sometimes quite toxic, but could be potentiated by the multi-ort/io PCB fraction and antagonized by the PCDF/PCN contaminated fraction. For example, serum values such as alanine amino transferase, alkaline phosphatase, bile acids, and cholesterol were altered most by Chlophen A50 and Aroclor 1254. Non-ortho PCB fractions caused similar changes, but these changes were intensified by including muhi-ortho PCB fractions, which were ineffective by themselves (Edqvist et al, 1992) .
Since remediation efforts focus primarily on TCDD-like compounds, it was of interest to determine if removal of the coplanar fraction would permit expression of other effects. A refined extract of soil from a National Priorities List landfill (USEPA, 1991) has been shown to cause both Ah receptordependent and Ah receptor-independent responses in female prepubertal rats . The profile of airborne PCBs was similar to that in the soil extract, but lower PCDFs and PCDDs contributed to a lower TEQ Hansen and O'Keefe, 1996) . The female rats responded differently to the these extracts in terms of enzyme induction and uterotropic effects, but had very similar decreases in serum T4 (Li and Hansen, 1996a) .
This provided evidence for the hypothesis that altering the proportions of Ah receptor agonists and nonplanar PCBs might unmask certain effects such as measures of estrogenicity (Hansen and Jansen, 1994) and P4502B1 and 3A induction (Li and Hansen, 1996b) . Nevertheless, the uterotropic air extract and the soil extract differed enough in CB congener content to, perhaps, account for the different potencies. Therefore, a gentle fractionation procedure of the soil extract was employed to remove most of the PCDDs, PCDFs, and non-ortho PCBs with activated charcoal while preserving the majority of orf/zo-chlorinated PCBs. This would determine if measures of estrogenicity could be unmasked and if T4 depletion could be attenuated by removing Ah receptor agonists. Conveniently, removal of Ah receptor agonists could be confirmed by measuring the relative EROD and 4-NP UDPGT induction potencies of the two mixtures. Chemical analysis would be required to determine if the CB congener content remained relatively constant so that any changes in biological activity could be reasonably attributed to changes in TCDD TEQs.
MATERIALS AND METHODS
Soil extract. The soil sample was collected from the Sangamo Landfill in 1992. The details of sample collection, extraction, clean-up, and chemical analyses have been described elsewhere (Hansen and O'Keefe, 1996; Hansen et ai, 1995 Hansen et ai, , 1996 . The soil extract was exchanged to hexane and contained 43 mg PCB/ml, 761.6 /ig PCDF/ml, and 47.2 ^g PCDD/ml. The TCDD equivalence of this extract was 0.62 /xg TCDD/mg PCB (Li and Hansen, 1996a) .
Charcoal-alumina column chromatography.
Charcoal-alumina chromatography is an effective method for removal of TCDD-like compounds (Stalling et ai, 1979; Serican el ai, 1991; Atuma and Andersson, 1993) . Alumina was activated at 500°C overnight, cooled, deactivated with 2% water, and thoroughly mixed with 1.5% (w/w) AX-21-activated charcoal. This mixture was used as the adsorbent. Four 7-mm (i.d.) glass columns were plugged with hexane-washed glass wool and the adsorbent (3 g) was packed between two layers (1.5 g) of anhydrous sodium sulfate. Four 1-ml aliquots of soil extract were chromatographed separately over the adsorbent, eluting with 20 ml of hexane (Fraction 1); two subsequent 10-ml eluates (Fractions 2 and 3) were retained separately for analysis only. Gas chromatography with electron capture detection (GC-ECD) on a 60-m DB-5 capillary column, as described in Hansen et al. (1995 , was conducted for the initial and charcoal-refined soil extracts to determine the amount and profile of PCBs recovered and lost PCDDS and PCDFs could not be detected by these methods. The basic proportions of the major PCB components were not changed (Fig. 1) . The concentration of PCBs in the pooled charcoal-filtered extracts was 42.7 mgAni, which was 92.2 + 3.3% (four separate eluates) of the initial soil extract (Table 1) . This value was used to determine the total PCB dose for the charcoal-filtered extract (Table 2) .
Animals and animal treatment.
Sprague-Dawley breeder rats were obtained from Harlan (Indianapolis, IN). Pups were culled to 8-10 animals per litter on the day of birth (Day 0) and were weaned at 21 days of age. Doses were prepared by adding the appropriate volume of extract (in hexane) to a preweighed vial; a weighed drop of com oil was added as a keeper and the hexane was evaporated under a gentle stream of nitrogen. The additional corn oil required to achieve the desired concentration was then added (using a density of 0.92 g/ml). The solution was wanned to 50°C and sonicated for 15 min. Female pups were injected ip with the soil extract or charcoal-filtered soil extract in 0.1 ml com oil or with com oil alone successively on Day 21 and Day 22. Table 2 summarizes the treatments and dose groups in this study.
Necropsy and tissue processing.
Rats were decapitated on Day 23 and their uteri were excised, trimmed of fat, cut at the cervical os, and weighed to the nearest 0.01 mg. The uterotropic effects were determined by comparing ratios of uterine wet weight in milligrams to body weight in grams to control animals As soon as the uteri were removed, livers were perfused in situ with ice-cold 0.05 M Tris-0.15 M KC1 (pH 7.4), excised, blotted on tissue paper, and weighed followed by homogenization in 12 ml of the same Tris-KCl buffer. Liver microsomes were then prepared as described in Li et al. (1994) and stored at -80°C until assayed. In addition, thymus and adrenal glands were removed and weighed.
Cytochrome P4S0 enzyme assays. 7-Ethoxyresorufin (ER) and 7-pentoxyresorufin (PR) O-dealkylation and 7-benzyloxyresorufin (BR) Odearylation were determined as described previously . The 1-ml reaction mixture contained 5 mM MgC12. 1 mg bovine serum albumen (BSA), rmcrosomal suspension (30 to 400 /xg protein for EROD, 600 to 1000 /jg for PROD, and 300 to 500 /ig for BROD), 2.5 /XM ER, 10 /IM PR, or 5 /JM BR in 0.05 M Tris-HCl (pH 7.4) and a NADPH generating system. The reaction was earned out at 37°C and stopped by the addition of 2 ml of methanol after 2 min for EROD activity and 10 min for PROD and BROD. The formation of resorufin was determined by measunng sample fluorescence relative to a known amount of resorufin with excitation at 550 nm and emission at 585 nm in a Perkin-Elmer 203 fluorescence spectrophotometer All samples were analyzed in duplicate.
UDP glucuronyltransferase
assay. UDP glucuronyltransferase (UDPGT) activity in the microsomal suspension was measured using 4-nitrophenol (4-NP) and phenolphthalein (PP) as substrates (Li and Hansen, 1996a) . In brief, the volume of the incubation was 0.5 ml, containing 0.1 M Tris (pH 7.4), microsomal suspension (0.1 to 0.25 mg microsomal protein), 0.5 mg BSA, 5 mM MgC12, 0.05% Brij 58, 3 mM UDP glucuronic acid, and 0.25 mM phenolphthalein in DMSO or 0.5 mM 4-nitrophenol in 0.01 M Tris.
All the reactions were started by adding 250 pi substrate and stopped with 1 ml of 5% trichloroacetic acid. The incubation was carried out for 6 min for 4-NP and 10 min for PP at 37°C. Then 3 ml of 0.2 M glycmeNaOH buffer (pH 10.7) was added to the supernatant to develop the color. UDPGT activities toward 4-NP and PP were quantified spectrophotometrically by measuring the disappearance of parent compound at 405 and 555 nm, respectively.
Protein determination. Microsomal protein was determined by the modification of the Lowery method (Guengerich, 1982) using BSA as a standard.
Thyroid hormone analysis. Blood was collected from the corporal stump immediately after decapitation and allowed to clot Serum was separated by centnfugation and stored at -20°C until assayed. Serum total T4 was measured by using a radioimmunoassay (RIA) kit (Coat-a-Count, Diagnostic Products Corp., Los Angeles, CA). The detection limit of the assay was 0.25 /ng/dl. Thyroid stimulating hormone (TSH) was assayed by RIA using NIAMD-Rat TSH 1-9. Only the control, lowest dose, and highest dose animals were assayed for TSH and one animal in each group had inadequate serum remaining for the TSH assays. All T4 and TSH assays were run in duplicate. T4 assays were conducted at different times with different RIA kits and comparison with archived serum samples revealed a significant variation between the two sets of RIA kits; therefore, serum T4 was compared to the control animals of each test replicate Data analysis. All data were expressed as means ± standard error (SE). Results for serum T4 were calculated by comparing each T4 value to its own control in the same litter to reduce the vanance between the two different sets of RIA kits. Bartlett's test was performed to test for variance homogeneity. In case of heterogeneity of variance (p < 0.05), rank transformations were employed (Conover and Iman, 1981) . A two-way ANOVA was performed on homogenous data or transformed data for all the endpoints measured in this study except for the limited TSH data. Main effect means were treatment (two extracts) and dose, and one interaction was tested (treatment X dose). If a significant result was found, the Tukey multiple companson test was used to compare all pairs of dose groups in each treatment. Figure 1 illustrates that the proportions of major PCB peaks were not changed by charcoal filtration. Table 1 summarizes the dominant PCB congeners in the initial extract and recoveries in the soil extract after alumina-charcoal (Table 1) . Identities were confirmed by ion trap GC-mass spectroscopy for the soil extract and by retention time with pure standards in the charcoal-filtered fractions Octachloronaphthalene (OCN) was the internal injection standard. Net dilution for fraction 1 was 1:1000 and for fraction 2 was 1:100.
RESULTS

Recovery of PCBs in the Charcoal-Refined Extract
chromatography. Most of CBs were 92-96% recovered, except CB 18, the peak containing CBs 42 + 37, CBs 110 + 77, and CB 105. The recoveries of CBs 42 + 37 and CBs 110 + 77 were 72 and 88%, respectively. Coplanar compounds are better retained on the alumina-charcoal column accounting for the lower recoveries of CB 37 (66% of the peak), CB 77 (18% of the peak), and mono-ortho coplanar CB 105 which was only about 85% recovered; however, the peak containing mono-ortho coplanar CB 118 was 94% recovered. PCDDs and PCDFs would be even more effectively removed (Erickson, 1986) but the low levels could not be detected in either extract by the methods used. Removal of coplanar Ah receptor agonist activity was confirmed by the reduced potency of the charcoal-filtered extract in inducing EROD and 4-NP UDPGT activities.
Organ Weights
Both extracts caused a significant dose-dependent increase in relative liver weight which plateaued between 140 and 210 mg/kg (Table 3) . At 21 mg/kg or below, the increase in relative liver weight was not different between these two extracts. On the other hand, the increases were greater in the soil extract groups than in the charcoal-refined extract Each 1 ml of charcoal-refined extract was analyzed in duplicate; the value presented here was the mean from 2 X (four 1-ml charcoal-refined extracts). * Congeners listed as the order of their retention time from GC-ECD analysis. c Estimated % composition of some multicongener peaks based on previous GC-MS analysis (Hansen el al., 1996) : peak 42 (34%) + 37 (66%), peak 94 (1%) + 74 (99%); peak 110 (82%) + 77 (18%); peak 149 (52%) +118 (48%).
groups at 70 mg/kg or above for an overall significant treatment effect (Table 4) . Neither of the extracts had significant effects on relative thymus and adrenal weights (Table 3) . ' Mean ± SE. * The actual dose is the mean of the amount of PCB administered/actual body weight.
P450 Enzyme Activities
At the lowest dose (7 mg/kg), EROD activity was increased 52-fold in the soil extract treated group, but unchanged in the charcoal-refined extract treated group (Fig.  2) . Maximal induction of EROD activity in the soil extracttreated groups was about 6000 pmol/min/mg protein at 140 mg/kg, whereas the maximal induction of EROD activity in the filtered extract groups continued to increase as the dose increased but only to about 2400 pmol/min/mg at 210 mg/ kg ( Fig. 2 ; Table 5 ).
PROD activity in the soil extract-treated group increased about 4-fold at 7 mg/kg while this dose caused only a 36% increase in the charcoal-refined extract treated group compared to controls (Fig. 3) . However, maximal PROD induction in the soil extract treated groups was 14.7 pmol/min/ mg protein (about 7-fold increase) at 70 mg/kg, decreasing at higher doses. On the other hand, maximal PROD induction in the charcoal-refined extract treated groups was 35.9 pmol/ min/mg protein (approximate 17-fold increase) at 140 mg/kg and 33.2 pmol/min/mg at 210 mg/kg. The overall inducing potency of PROD activity by the soil extract was smaller than that of the charcoal-refined extract (Fig. 3) . The overall difference in PROD activity induced by these two extracts was not significant by a two-way ANOVA, but the treatment X dose effect was significant (Table 4) .
Similar to PROD activity, BROD activity was higher in the soil extract treated group at the lowest dose, but the overall potency for inducing BROD activity was also weaker in the soil extract-treated groups than in the charcoal-refined treated groups (Fig. 4) . BROD activity was increased about 42.5-fold in the charcoal-refined extract-treated group and only 10.7-fold in the soil extract-treated group at 210 mg/kg. Like PROD, the overall difference between BROD activities induced by these two extracts was not significant by a twoway ANOVA (Table 4) .
UDPGT Enzyme Activities
The induction of 4-NP UDPGT activity by these two extracts had a pattern similar to that for EROD induction ( 5). At 7 mg/kg, 4-NP UDPGT activity was not induced by the charcoal-refined extract and was increased 2.3-fold by the soil extract. Maximal induction of 4-NP UDPGT activity was about 7-fold in the soil extract-treated group at 140 mg/ kg. On the other hand, maximal induction of 4-NP UDPGT activity in the charcoal-refined treatment groups was not observed and the activity continued to increase as the dose increased. PP UDPGT activity was not induced by either of the extracts (Fig. 6 ).
Serum Total T 4 Levels
As shown in Fig. 7 , both extracts effectively reduced serum total T 4 levels in a similar dose-dependent manner. At 210 mg/kg, the serum total T 4 was reduced to about 42% of controls in both groups. Serum TSH was 7.1 ± 1.2 ng/ml (mean ± SE for n = 4) in the control group and not significantly elevated in either of the low-dose (7 mg/kg) groups. At 210 mg/kg, serum TSH concentrations in both treatment groups were similar and mildly elevated as compared to controls (10.0 ± 1.2 and 9.9 ± 2.4 ng/ml for charcoal-filtered and unfiltered soil extract groups, respectively).
Uterotropic Responses
Uterotropic responses were higher in groups receiving the charcoal-refined extract than in those receiving unpurified soil extracts at all doses (Fig. 8) and there was an overall significant treatment effect (Table 4) ; however, the differences in uterotropic responses between the two extracts were only statistically significant at 21 mg/kg. The uterotropic response (<50% increase) was mild compared to the 200-300% increase following 2x10 /ig/kg estradiol in the same bioassay (Li, 1996; Li et al., 1994; Soontornchat et al., 1994) .
Summary of Effect of Treatments on Different Endpoints
Means for main effects by treatment (two extracts) and by dose were examined using a two-way ANOVA (Table 4) . As Table 4 indicates, both extracts caused a dose-dependent effect on serum T 4 levels. Uterotropic responses were markedly different between the two extracts, the charcoal-refined extract causing the greater uterotropic response; however, even though the charcoal-refined extract caused a greater uterotropic effect, the very weak uterotropic activity resulted in no obvious dose-dependent response within the dose range examined in the present study.
There were significant differences between extracts and among doses in the induction of EROD and 4-NP UDPGT activities and increases in liver weight (Table 4 ). The markedly reduced induction potencies for EROD and 4-NP UDPGT activities confirmed the removal of TCDD-like compounds by charcoal filtration. The induction of both PROD and BROD activities was similar for both extracts, but dose-dependent (Table 4 ). The increased induction of PROD and BROD activities by the charcoal-filtered extract was not significant, probably due to reversed efficacies at middle doses and inadequate statistical power; nevertheless, there was a significant treatment X dose interaction.
DISCUSSION
Characteristics of Extracts
Activated charcoal has a greater affinity for coplanar chlorinated aromatics than for nonplanar compounds (Erikson, 1986 ) so the dominant PCB profile was changed only slightly by charcoal filtration. The lower recovery of peaks con- taining coplanar CBs and some mono-ortho CBs as well as the greatly reduced EROD and 4-NP UDPGT induction potency confirmed the selective removal of Ah receptor agonists and reduction of TCDD TEQs. The goal of generating two mixtures with very similar and environmentally relevant PCB contents but widely divergent TCDD TEQs was met by the gentle fractionation.
Endocrine Effect
In this study, the levels of serum T 4 were markedly decreased in a similar dose-dependent manner for both extracts; the removal of TCDD-like compounds from the soil extract did not have a significant effect on the reduction of serum total T 4 levels ( Table 4) . Even though most PCBs appear to depress serum total T 4 (Bastomsky et al, 1976; Byrne et al, 1987; Ness et al., 1993) , the dominant effect is probably not due to the low levels of Ah receptor agonists in environmental mixtures. For example, in the study by Seo et al. (1995) , weanling rats were treated with TCDD or coplanar PCB congeners on Gestation Days 10-16, EROD activity increased more than 23-fold, but T 4 depletion was modest (less than 20% decrease) in these groups. With a similar study design and dosage regimen, Ness et al. (1993) found that exposure to CB 118, a mixed inducer (16 mg/kg/day), can result in total T 4 as low as 10% of controls and exposure to CB 153 (64 mg/kg/day) caused total T 4 to decrease to about 50% of controls. In this study, the removal of Ah receptor agonists from the charcoal-refined extract, as evidenced by lower EROD and UDPGT induction, did not attenuate the depression of serum total T 4 in prepubertal female rats. In addition, the serum total T 4 level in prepubertal rats was almost equally depressed in three different environmental mixtures with a 6-fold difference in TCDD TEQs (Li and Hansen, 1996a) . These results suggest that T 4 depletion by mixed-inducing congeners and mixtures is more effective than depletion initiated by pure Ah receptor agonists alone. This is to be expected because several mechanisms are responsible for depleting systemic T4 by PCBs and/or their metabolites (Collins and Capen, 1980; Lans etal, 1994; Li and Hansen, 1996b; McKinney and Waller, 1994) whereas induction of UDPGT, alone, is proposed as the mechanism forTCDD-induced hypothyroidism (Kohn etal., 1996) . Estrogenicity, as measured by the uterotropic response, is an action of Aroclor 1242 and is also characteristic of lower chlorinated CBs such as CB 18 and of some nonplanar PROD inducers such as CB 47, CB 52, and CB 153 (Jansen et al, 1993; Li et al, 1994; Soontomchat et al., 1994) . On the other hand, most Ah receptor agonists elicit antiestrogenic effects and can antagonize the estrogenic effects of estrogenic compounds in vivo (Astroff and Safe, 1990; Jansen et al., 1993; Safe et al, 1991) . An environmental mixture of PCB-dominated chlorinated aromatics, such as the soil extract used in this study, usually contains both estrogenic PCBs and antiestrogenic Ah receptor agonists; therefore, one fraction of such a mixture can exert an estrogenic effect and the other fraction(s) of the mixture would have an antiestrogenic effect. The effect of a mixture on measures of estrogenicity will be dependent on the balance between these two types of actions. The removal of Ah receptor agonists from a mixture can change this balance. The increased uterotropic response observed in the charcoal-refined extract treatment groups in this study supports the hypothesis that removal of TCDD-like compounds from a mixture may unmask previously undetected effects, such as estrogenicity (Hansen and Jansen, 1994) . However, it should be noted that the net estrogenic potency of the charcoal-refined extract was still very weak. The lack of clear dose-response relationships for the uterotropic effects may also be related to the multiple actions of PCB mixtures. For example, it has long been known that hypothyroid animals are less responsive to estrogens (Gardner et al, 1978; Kirkland etal, 1981) , and this may be related to recent discoveries of gene silencing by thyroid hormone response elements in the absence of ligand (see Li and Hansen, 1996b) . As the PCB dose increases and systemic T4 declines, some tissues may be less responsive to estrogen-like actions. In addition, enzyme induction at higher doses will alter toxicokinetics (including phase 2 reactions) and may decrease the effective dose at the site of action (Kupfer, 1987; Li and Hansen, 1996b) .
Enzyme Induction
The induction of P450 activities as well as 4-NP UDPGT activity had different dose-response patterns for these two extracts. Both PROD and BROD activities were higher in the soil ex tract-treated group than in the charcoal-refined extract-treated groups at doses below 70 mg/kg, whereas the relationship was reversed at doses above 70 mg/kg. A similar dose:induction pattern for PROD activity was also observed with a simple mixture (containing 95.5% CB 110 (2,3,3',4',6-pentachlorobiphenyl) + 0.5% CB 126 + 4% two unidentified pentachlorobiphenyls) before and after purifying through alumina-charcoal column chromatography (Li, 1996) . Van der Kolk et al. (1992) reported a significant antagonistic effect of TCDD on CB 153-induced PROD activity in female rats in a 13-week feeding study. Van Birgelen et al. (1994) also reported an antagonistic effect of TCDD on CB 156-induced PROD activity. These antagonistic effects were usually observed at higher doses accounting for the reduced PROD and BROD activities in rats treated with the soil extract and the unmasking of this induction when the coplanar compounds were removed by charcoal.
The higher P4502B activities at the lower doses of the soil extract may be due to the nonspecificity of the substrates 7-pentoxyresorufin and 7-benzyloxyresorufin for measuring P4502B activity. A similar phenomenon has also been observed in mice (De Jongh et al., 1993) and in adult female rats (Van Birgelen et al., 1994) . On the other hand, phenobarbital induction of P450 2B in rabbit liver is suppressed by high doses of Aroclor 1260, independent of the coplanar fraction (Serabjit-Singh et al., 1983) . The mechanisms behind this antagonism at higher doses and/or possible synergism at lower doses in a mixture containing both TCDD-like compounds and non-TCDD-like compounds require further investigation.
There are several studies showing that CB 153 may also have a synergistic effect with low doses of TCDD or other potent Ah receptor agonists (such as coplanar CBs and monoortho coplanar CBs) in inducing EROD activity (Bannister and Safe, 1987; Leece et al., 1987; De Jongh et al., 1993) . On the other hand, weaker Ah receptor agonists have been shown to antagonize potent Ah receptor agonists in the induction of EROD activity (Van Birgelen et al, 1994) . These synergistic effects between non-TCDD-like compounds and TCDD-like compounds and the antagonistic effects among TCDD-like compounds may explain the patterns of EROD induction by these two extracts. The induction of EROD activity in rats receiving high doses of the charcoal-filtered extract is due to the incomplete removal of weaker Ah receptor agonists (Table 1 ). The presence of significant amounts of ort/io-chlorinated CBs in the unfiltered soil extract may synergize EROD and 4-NP UDPGT induction by the stronger Ah receptor agonists at low doses (Figs. 2 and 5 ). On the other hand, antagonism of EROD induction by nonplanar PCBs at higher doses has also been suggested (Harris et al., 1993) .
Higher proportions of nonplanar congeners in Aroclor mixtures than in the soil extracts from this study may account for attenuated EROD induction. Harris et al. (1993) dosed young male Wistar rats with various Aroclor mixtures and determined EROD activities 14 days after the single dose. Although quite distinct from this study with younger female Sprague-Dawley rats being killed the day following 2 consecutive doses, TCDD-dependent ED-50s are similar (Table  5) . Maximum EROD activities are probably similar by coincidence, the Aroclor male rats returning toward baseline values after 14 days while the landfill female rats would not have reached maximum activities by only 1 day following the second dose. Nevertheless, the landfill extracts with lower proportions of nonplanar congeners (high relative TEQs) induced maximum EROD activities at about half the equivalent TCDD concentrations and one-tenth the PCB concentration as the Aroclor mixtures (Table 5 ). The interaction between phenobarbital-and TCDD-mediated induction (Serabjit-Singh et al., 1983) and this attenuation of EROD induction by nonplanar CBs suggests caution in applying TEQs to mixtures which may be otherwise distinct (Safe, 1994) .
CONCLUSION
As expected the high TEQ soil extract was more potent as an inducer of EROD and 4-NP UDPGT. Even though detailed specific PCDD and PCDF congener analysis was not conducted in this study, the lower EROD and UDPGT activity induction by the charcoal-refined extract compared to the initial soil extract confirms decreased amounts of Ah receptor agonists. The charcoal-refined extract showed weak estrogenic activity not obvious in the raw extract, but depressed serum T 4 levels in prepubertal rats as effectively as the raw soil extract treatment. The PROD-and BRODinducing potencies were also higher in the charcoal-refined extract than in the soil extract at the highest doses. These results suggest that some subtle endocrine and enzyme effects can be unmasked; thus, the potential risk from environmental mixtures may change from A/i-receptor-dependent effects to A/i-receptor-independent effects, if remediation efforts are only concentrated on the removal of TCDD-like compounds from environmental mixtures. In addition, the different induction patterns for P450 activities as well as 4-NP UDPGT activity in these two extract treatments will influence toxicokinetics; this factor can be very important in assessing the possible health effects of a mixture. Different combinations of mechanisms in a mixture must be considered in assessing the potential hazard of environmental mixtures. In this study, we were able to discriminate some of the different multiple effects of these two extracts in female prepubertal rats. This supports the suggestion of Li and Hansen (1996b) for the use of some version of the female rat integrated endocrine disruption assay (FRIEDA) to examine the multiple effects of environmental mixtures, but some responses may require longer exposures, more sensitive endpoints, or longer lag times. More information is required on the possible effects of different fractions of environmental mixtures and the possible interactions among the different fractions of a mixture.
